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Abstract
Purpose  Exercise interventions can increase physical activity and wellbeing of people living with/beyond cancer. However, 
little is known about maintenance of physical activity in this population ≥ 6 months post-exercise intervention, when theoreti-
cal evidence suggests behaviour maintenance occurs. Study aims are to (i) systematically review maintenance of physical 
activity ≥ 6-month post-exercise intervention, and (ii) investigate the influence of behaviour change techniques (BCTs) on 
physical activity maintenance in people living with/beyond cancer.
Methods  CINAHL, CENTRAL, EMBASE and PubMed databases were searched for randomised controlled trials up to 
August 2021. Trials including adults diagnosed with cancer that assessed physical activity ≥ 6 months post-exercise inter-
vention were included.
Results  Of 142 articles assessed, 21 reporting on 18 trials involving 3538 participants were eligible. Five (21%) reported 
significantly higher physical activity ≥ 6 months post-exercise intervention versus a control/comparison group. Total number 
of BCTs (M = 8, range 2–13) did not influence intervention effectiveness. The BCTs Social support, Goal setting (behaviour), 
and Action planning, alongside supervised exercise, were important, but not sufficient, components for long-term physical 
activity maintenance.
Conclusions  Evidence for long-term physical activity maintenance post-exercise intervention for people living with/beyond 
cancer is limited and inconclusive. Further research is required to ensure the physical activity and health benefits of exercise 
interventions do not quickly become obsolete.
Implications for Cancer Survivors  Implementation of the BCTs Social support, Goal setting (behaviour), and Action plan-
ning, alongside supervised exercise, may enhance physical activity maintenance and subsequent health outcomes in people 
living with/beyond cancer.

Keywords  Systematic review · Physical activity · Exercise · Cancer · Behaviour change · Behaviour change techniques · 
Maintenance

Introduction

Approximately 19.3 million new cases of cancer were diag-
nosed worldwide in 2020 [1], with incidence expected to 
rise to 21.7 billion by 2030 [2]. Modern cancer treatments 
exhibit high rates of success [3]; however, their physical and 
psychological side effects often result in long-term health 
concerns following treatment completion [4, 5]. A wealth of 
evidence supports the efficacy of physical activity as a non-
pharmacological adjuvant therapy for preventing and/or alle-
viating disease- and treatment-related side effects, including 
cancer-related fatigue, physical functioning, and psychologi-
cal distress [4, 6]. However, physical activity levels decline 
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following a cancer diagnosis [7], with the vast majority of 
people with cancer insufficiently active to achieve health 
benefits [8].

Structured exercise interventions are an effective means 
of increasing physical activity in people with cancer [4, 9, 
10]. Systematic reviews demonstrate high physical activ-
ity adherence rates (70–86%) in people with cancer during 
these interventions [9, 11, 12]. Further, Bluethmann et al. 
[13] found in a systematic reviews and meta-analyses of 14 
interventions in people living beyond breast cancer that exer-
cise interventions were successful at producing short-term 
physical activity levels. However, these levels are often not 
maintained beyond the duration of the intervention [11, 13] 
and the long-term maintenance of physical activity levels 
following completion of an exercise intervention in people 
with cancer is less clear.

Grimmett et al. [14] noted in a systematic review and 
meta-analysis that people with cancer maintained their 
physical activity levels for at least three months following 
exercise or multimodal health interventions targeting aerobic 
physical activity (SMD = 0.25; p < 0.01); a small positive 
effect was maintained when isolating studies ≥ 6 months fol-
low-up post-intervention (SMD = 0.21; p < 0.001). However, 
Grimmett et al. [14] included multimodal interventions (e.g. 
exercise and nutrition) and did not isolate the findings from 
exercise interventions alone, and only articles that reported 
physical activity as moderate-to-vigorous minutes per week 
were included in the meta-analysis, excluding 30% of eligi-
ble articles from the analysis that reported physical activity 
by other means (e.g. MET/week, walking time). Contrary 
to Grimmett et al.’s [14] results, Spark et al. [15] noted 
only three trials (30%) achieved successful maintenance of 
physical activity ≥ 3 months post-intervention in a system-
atic review of physical activity and/or dietary interventions 
in people living with and beyond breast cancer. Further, 
Finlay et al. [16] conducted a systematic review on physi-
cal activity maintenance in people living with and beyond 
prostate cancer, and reported physical activity maintenance 
at 3–6 months follow-up in only two (17%) of the included 
articles, with only one of those trials also demonstrating 
maintenance > 6 months. Research to date has focused on 
physical activity levels between 3 and 6 months post-inter-
vention [14–16]; however, according to the transtheoretical 
model, ≥ 6 months of follow-up is required to confirm main-
tenance of behaviour change [17], as people in this stage are 
less tempted to relapse, with increased confidence they can 
sustain their new behaviour. Thus, long-term maintenance of 
physical activity following an exercise intervention in people 
with cancer remains a novel and salient area of investigation 
as without long-term maintenance of these behaviours, the 
short-term health benefits quickly become diminished.

Maintenance of physical activity is a multifaceted pro-
cess, with individuals facing varying needs and challenges 

in sustaining their activity levels over time [18]. Behavioural 
science can provide important insight into physical activity 
maintenance through understanding the psychological, envi-
ronmental, and social factors that influence human behaviour, 
including physical activity behaviour [19, 20]. Designing inter-
ventions with consideration of these behavioural factors may 
influence the effectiveness in promoting long-term physical 
activity maintenance in people with cancer. Behaviour change 
techniques (BCTs) are distinct components of an intervention 
that help change or adjust the processes that regulate behaviour 
[21], such as participation in physical activity. The BCT tax-
onomy is a framework used to help standardise the reporting 
of behaviour change interventions and consists of 93 BCTs 
that represent observable, replicable, and irreducible com-
ponents of an intervention aimed at altering behaviour [21]. 
Grimmett et al.’s [14] systematic review was the first to use the 
BCT Taxonomy v1 [21] to identify and classify BCTs present 
in interventions for all oncological populations with a post-
intervention follow-up, and noted that unsuccessful interven-
tions were less likely to include Social Support (Unspecified), 
Action Planning, and Graded tasks. Similarities were noted 
between BCTs within included articles with statistically sig-
nificant between-group differences, within-group differences, 
and those with neither between- nor within-group differences 
at post-intervention follow-up, making it difficult to identify 
BCTs that were most effective [14]. However, the authors 
did not distinguish the difference in BCTs used in interven-
tions with maintenance of physical activity at a follow-up of 
3-months compared with 6 months. Evidence in healthy adults 
indicates that BCTs effective in the short-term (< 6 months) 
versus long-term (≥ 6 month) maintenance of physical activity 
can differ [22], and collating interventions with ≥ 3 months fol-
low-up means that this overlap may make it difficult to identify 
the BCTs that are effective for long-term behaviour change.

The primary aim of this paper is to extend the work of 
Grimmett et al. [14] by systematically reviewing the avail-
able literature exploring the long-term (≥ 6 months) main-
tenance of physical activity following the completion of an 
exercise intervention compared to a control/ comparison 
group in individuals with a histologically confirmed diag-
nosis of cancer. A secondary aim was to use the BCT tax-
onomy (version 1) [21] to identify intervention components 
that may influence long-term physical activity maintenance 
following an exercise intervention in people living with and 
beyond cancer.

Materials and methods

Search strategy

This systematic review was conducted according to the 
Preferred Reporting Items for Systematic review and 
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Meta-Analysis (PRISMA) statement [23]. From the earliest 
time point available to August 2021, four key databases were 
systematically searched: CINAHL, CENTRAL (Cochrane 
Central Register of Controlled Trials), EMBASE and Pub-
Med. Where possible, search terms were developed using 
index (PubMed [MeSH]) and thesaurus terms (PubMed, 
CENTRAL [tiab], and EMBASE [EMtree]). Notwith-
standing, free-text population terms were used to generate 
search functions according to the inclusion criteria. These 
were amalgamated with Boolean operators and truncation 
functions. Free terms for exercise ("exercise", "resistance 
training", exercis*, "physical activity", "weight training", 
resistance, strength, endurance, aerobic) were used in AND-
combination with search terms identifying the target popula-
tion (“neoplasms”, neoplasm*, cancer, carcinoma) and spe-
cific trial design (program*, intervention*). Where possible, 
filters were used to refine the search to include only human 
clinical trials published in the English language and in peer-
reviewed journals, without the use of external limiters. A 
complete list of search terms is available upon request (an 
example search can be found in supplementary materials).

Article selection

The inclusion criteria were specified by the Population, 
Intervention, Control, Outcomes, Study design (PICOS) 
framework. This included the following:

(i)	 Population: adults aged 18 years and older with a histo-
logically confirmed diagnosis of cancer (including all 
stages of, and treatments for, cancer);

(ii)	 Intervention: any structured aerobic- and/or resistance-
exercise based intervention where specific exercise and/
or physical activity advice was provided to participants 
(interventions limited to specific areas of the body, such 
as pelvic floor exercises, and multimodal interventions 
were excluded);

(iii)	 Control: groups receiving usual or standard care; 
groups not receiving exercise and/or physical activ-
ity advice; groups receiving different exercise and/or 
physical activity advice; and, groups receiving the same 
initial exercise and/or physical activity advice with a 
different type, frequency or intensity of support in the 
follow-up period;

(iv)	 Outcome: any measure of physical activity ≥ 6 months 
following the completion of the primary exercise inter-
vention;

(v)	 Study design: randomised controlled trials (RCT). Only 
English, full-text articles of human trials published in 
peer-reviewed journals were included.

Title and abstract screening was performed independently 
by C.S. and E.C. to exclude articles outside the scope of this 

review. Two authors (C.S. and E.C.) completed independent 
assessments of the remaining full-text articles for eligibil-
ity according to the inclusion criteria. Disagreements were 
resolved by discussion until consensus was reached. If con-
sensus could not be reached, a third author (T.S.) acted as the 
arbiter. Reference lists were searched manually to identify 
additional eligible articles.

Data extraction and analysis

Article details were extracted and collated for analysis by 
C.S., R.S., and E.C. Extracted information included author/s, 
year, inclusion and exclusion criteria, trial design, sample 
size, and description of the intervention and/or control 
groups. Participant characteristics included cancer type, 
age, gender, and if participants were undergoing cancer 
treatment/s during the trial. Intervention details recorded 
were frequency, intensity, duration and mode of intervention, 
supervision, type of delivery, theoretical basis of behaviour 
change, BCTs reported, and length of follow-up. The follow-
up period was defined as the time immediately succeeding 
the exercise intervention to the final follow-up testing. Data 
extraction also included adherence and attendance to the 
intervention and trial drop-out rate at follow-up. Physical 
activity outcome data including the method used to measure 
physical activity, all absolute or relative change and change 
scores, and significance testing were extracted. In instances 
where data were presented graphically [24, 25], data were 
extracted via graphreader software (http://​www.​graph​reader.​
com). In cases where results were not clear, C.S., E.C., and 
R.S. discussed the item to reach consensus.

Quality assessment

Quality assessment was conducted using Cochrane Col-
laboration’s tool for assessing risk of bias [26], developed 
specifically for randomised controlled trials. The tool fea-
tures seven criteria for assessing the risk of bias in various 
methodological aspects. Each criterion was rated using a 
‘low risk of bias’ (L; 1 point), ‘some concerns of bias’ (U; 
0 points), or ‘high risk of bias’ (H; 0 points). A final quality 
score was determined as the total number of articles scor-
ing a point in each category divided by the total number of 
articles. Quality assessment was performed independently 
by two authors (C.S., and E.C.) and final decisions were 
reached through discussion and consensus. Meta-analysis 
was not performed in this review due to the heterogeneity of 
the population, intervention, and physical activity measures.

Coding of behaviour change techniques

The BCT taxonomy version 1 [21] was used to identify and 
code the BCTs reported in each intervention group. The target 

http://www.graphreader.com
http://www.graphreader.com
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behaviour of the BCTs was physical activity (e.g. daily walk-
ing), and the target population was people living with or beyond 
cancer. The target outcome of this review was overall physical 
activity levels (e.g. MET-h/week or moderate-to-vigorous min-
utes per week). Coding was carried out by C.S. and E.C. inde-
pendently after completing the BCT taxonomy version 1 Online 
Training [27] by using the provided BCT definitions and coding 
rules. BCTs were coded as present or absent, and only BCTs 
exclusively applied in the intervention group/s were extracted. 
BCTs were coded based on the information presented in the 
included papers, in addition to any published protocol papers 
or published papers of the same trial. The first five articles were 
coded independently, and the authors compared, discussed, and 
clarified additional coding rules to interpret ambiguities. Dis-
crepancies in coding were resolved through discussion, by refer-
ring to the taxonomy and consulting with a third author (M.H.).

To assess intercoder agreement, prevalent-adjusted bias-
adjusted kappa (PABAK) [28] was used based on the semi-final 
coding. PABAK was chosen as it adjusts for potential chance 
agreement between coders and high prevalence of negative 
agreement (i.e. when both coders agree the BCT is absent). 
Where both coders identified the BCT as present or absent, 
agreement was recorded and where one coder identified the 
BCT, but the other coder did not identify the BCT, disagreement 
was recorded. PABAK was calculated for each of the BCTs, 
with a good reliability considered as a score of 0.60 or above.

Results

Identification and selection of articles

Details of the systematic search process are outlined in 
Fig. 1. A total of 14,013 articles were retrieved from a 
combination of database search results. Following both 
automatic (Covidence, www.​covid​ence.​org) and manual 
(C.S.) removal of duplicates, 8954 were screened for title 
and abstract. Full texts of 142 articles were retrieved and 
assessed. Following agreement among all authors, 21 [24, 
25, 29–47] met the inclusion criteria and were included in 
the qualitative synthesis. The 21 articles reviewed reported 
on 18 individual trials. Two ([38, 39] and [24, 31]) of 
the individual trials published in more than one article 
reported results at different follow-up timeframes, whilst 
the other [40, 46] reported results on different subsamples 
of participants.

Quality assessment

Risk of bias ratings for the 21 included articles are pre-
sented in Fig. 2. The mean quality score for the included 
articles was 40%, with scores ranging from 0% [34] to 
86% [35]. Of note, assessor blinding for the main out-
come (physical activity) was completed by participant 

Fig. 1   CONSORT diagram of 
literature search

http://www.covidence.org
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self-report in 17 articles, so blinding was not possible 
[24, 25, 29, 30, 32, 34, 36–42, 44–47]. In three articles 
where blinding was possible due to a device-based assess-
ment method, assessors were blinded in one study [35], 
not blinded in another [31], and the third article did not 
state if the outcome assessor was blinded [43]. There was 
a high risk of bias from other sources for 17 articles [24, 
25, 29, 30, 32, 34, 36–42, 44–47] that used a self-reported 
physical activity measure, which is prone to bias.

Participant characteristics

Characteristics of the participants in the trials included in 
this review are described in Table 1. A total of 3538 partici-
pants (78% female) were included in the 18 trials; sample 
sizes ranged from n = 46 [42, 43] to n = 573 [40, 46] (median 
n = 193). Participants were an average of 58 years of age 
across all trials (range 18–82 years). Ten [24, 25, 30–32, 
36–41, 45, 46] of the 18 trials exclusively investigated 

Fig. 2   Risk of bias analysis 
using the Cochrane Collabora-
tion’s risk of bias tool
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women with breast cancer; the remaining trials involved 
participants with prostate cancer (n = 2) [34, 44], colorectal 
cancer (n = 1) [42], lymphoma (n = 1) [33], breast or colorec-
tal cancer (n = 1) [47], and breast, colorectal or other cancer 
(n = 3) [29, 35, 43]. Participants were undergoing anti-cancer 
treatment in nine trials [24, 25, 29, 31, 32, 36–39, 44, 47], 
had completed treatment in eight trials [30, 34, 35, 40–43, 
45, 46], with one trial including participants both undergo-
ing treatment and post-treatment [33].

Intervention characteristics

A brief overview of the intervention characteristics of the 
trials is described in Table 1, with further details described 
in Table 2. Further details on the intervention details can be 
found in supplementary materials. The length of exercise 
interventions ranged from 3 weeks [30] to 52 weeks [29, 40, 
46], with a mean of 17.2 weeks.

Behaviour change theoretical frameworks

Behaviour change theoretical frameworks were reported as 
informing the intervention in seven of the reviewed trials 
[33, 34, 36, 41–43, 47]. Three trials [34, 43, 47] framed 
their intervention using Bandura’s Social Cognitive Theory 
[48], one trial [33] used the Theory of Planned Behaviour 
[49], one trial [36] used the Transtheoretical Model [50], and 
two trials [41, 42] used both the Transtheoretical Model and 
Bandura’s Social Cognitive Theory.

Behaviour change techniques

All BCTs identified, including BCT cluster, number, and label, 
in the included interventions are reported in Table 3. Overall, 
24 interventions were analysed for BCTs from the 18 trials. 
There were six trials [24, 31, 32, 35–37, 44] that included two 
intervention groups, four [24, 31, 32, 35, 44] of these trials used 
the same BCTs, and two [36, 37] trials used different BCTs 
in the intervention groups. Of the 93 BCTs, 27 were coded at 
least once in the semi-final and final coding. The BCTs coded 
represented 13 of the 16 BCT clusters. For the individual BCTs 
based on the semi-final coding, PABAK ranged from 0.67 
(BCT 5.3 Information about social and environmental conse-
quences) to 1.0 (mean = 0.94). For the individual interventions, 
PABAK ranged from 0.91 to 1.0 (mean = 0.98) (see Table 3). 
Overall, substantial agreement was reached.

Number and frequency of behaviour change techniques

The number of BCTs used per intervention ranged from 2 
[30] to 13 [41, 42] (mean 7.6 BCTs, SD 3.02). The most 

frequently used BCTs were Social support (unspecified) 
(n = 24) [24, 25, 29–47], Goal setting (behaviour) (n = 23) 
[24, 25, 29, 31–47], Action Planning (n = 19), [24, 25, 29, 
31–33, 35, 37–39, 41–45, 47] and Instruction on how to per-
form the behaviour (n = 17) [24, 25, 29, 31, 34, 35, 37–47].

Implementation of behaviour change techniques

BCT cluster: 1.0 Goals and planning  The BCT Goal setting 
(behaviour) was present in interventions where an exercise 
goal was set as part of the exercise intervention [24, 25, 
29, 31–47]. When the exercise behaviour goal defined a 
specific context, frequency, duration, or intensity of exer-
cise, the BCT Action planning was also coded [24, 25, 29, 
31–33, 35, 37–39, 41–45, 47]. Baumann et al. [30] was the 
only intervention included in the review where Goal setting 
(behaviour) was not reported, however the BCT Goal setting 
(outcome) was reported for the presence of an outcome goal 
(MET-h/week) of achieving the exercise behaviour.

Goal setting (outcome) was present in five [34, 36, 37] 
additional interventions, where it was coded for the presence 
of an outcome goal (e.g. MET-h/week) of achieving the exer-
cise behaviour [36, 37] or the presence of exercise guidelines 
set as a goal of the intervention [34]. The BCT Problem 
solving was implemented through counselling or discussion 
with the participant about identifying and overcoming bar-
riers to physical activity in seven trials [34–37, 41, 42, 44] 
comprising 11 interventions. The BCT Review behaviour 
goal was present in three trials [36, 41, 47], comprising four 
interventions, where the participants’ physical activity goals 
were reviewed and modified where necessary. Schmitz et al. 
[45] was the only trial to implement the BCT Discrepancy 
between current behaviour and goal by telephoning partici-
pants who missed exercise sessions. The BCTs Review of 
outcome goal(s) and Commitment were only implemented 
by Kong et al. [36] in both intervention groups of the trial, 
by reviewing and modifying the outcome goal and making 
goal decisions with patient agreement, respectively, in both 
intervention groups.

BCT cluster: 2.0 Feedback and monitoring  From the BCT 
cluster Feedback and monitoring, the BCT Feedback on 
behaviour was used in six trials consisting of seven inter-
ventions [29, 36, 37, 41, 43, 47]. Feedback on behaviour 
was implemented through instructors providing feedback 
on physical activity performed [29, 47], counselling session 
involving the evaluation of and feedback on physical activity 
levels [36], a computer-based programme where participants 
can visualise their performance of physical activity [37], or 
participants received a letter of feedback on their physical 
activity progress [41, 43]. Self-monitoring of behaviour was 
implemented in seven interventions [36, 41–44, 47] through 
a wearable activity tracker [36], participants recording their 
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physical activity (not for outcome purposes) [43, 44, 47], 
and two interventions noted training participants in tech-
niques of self-monitoring of physical activity [41, 42]. The 
BCT Feedback on outcome(s) of behaviour were used in 
two interventions [42, 47], through telephone calls where 
participants received feedback on their physical activity log 
[42] and feedback on their obtained results from an exercise 
professional [47].

BCT cluster: 3.0 Social support  The BCT Social support 
(unspecified) was applied through various methods, includ-
ing individual or group counselling [29, 35–37, 41, 42], tel-
ephone support calls [43–45], and motivation and encour-
agement from exercise specialists [24, 25, 30–34, 38–40, 
46, 47]. Social support (practical) was only implemented in 
one intervention [33] through phone-calls from staff when 
participants missed more than one session per week.

BCT cluster: 4.0 Shaping knowledge  The BCT Instruction 
on how to perform the behaviour was coded in 14 trials, 
comprising 17 interventions, where participants attended 
supervised sessions and instruction of exercise was speci-
fied [24, 25, 31, 34, 35, 37, 45], participants attended an 
exercise class [38, 39, 47], verbal instruction was provided 
on how to exercise [29, 41, 42, 44], and for a DVD-delivered 
instructional program [43]. This was the only BCT coded for 
the cluster Shaping knowledge.

BCT cluster: 5.0 Natural consequences  The BCT Information 
about health consequence was implemented in one inter-
vention [38, 39] with Information about social and envi-
ronmental consequences implemented in two interventions 
of the same trial [37]. These BCTs were only coded when 
there was sufficient detail that information on the respec-
tive consequences were provided to participants. For exam-
ple, ‘discussion of health benefits of exercise’ [38, 39] and 
‘information regarding the benefits of physical activity’ [37].

BCT cluster: 6.0 Comparison of the behaviour  The BCT 
Demonstration of the behaviour was reported in eight 
interventions across six trials [24, 31, 34, 40, 43–46]. Only 
three interventions across two trials [24, 31, 34] included 
a supervised intervention and provided sufficient detail in 
the methods that participants received demonstration of 
exercise. Demonstration of the behaviour was implemented 
through group exercise classes in two interventions [40, 45, 
46]. Salerno et al. [43] provided DVD led exercise sessions 
where the exercise leader demonstrated modified and chal-
lenging versions of the exercises. Lastly, Santa Mina et al. 
[44] provided each participant with detailed exercise instruc-
tions with demonstration in both intervention groups.
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BCT cluster: 7.0 Associations  Two of the possible eight BCTs 
from the cluster Associations were coded in the included 
interventions. The BCTs Prompts/cues and Reduce prompts/
cues were implemented together in four interventions [29, 
41–43], and Prompts/cues in one additional trial containing 
two interventions [44]. These BCTs were implemented in 
a similar manner across interventions, where participants 
received regular phone calls to prompt physical activity 
behaviour (Prompts/cues), with the frequency of calls reduc-
ing throughout the intervention (Reduce prompts/cues).

BCT cluster: 8.0 Repetition and substitution  The BCTs 
Behaviour practice/rehearsal [35, 38–40, 44, 46] and Gen-
eralisation of target behaviour [34, 35, 38–40, 46, 47] were 
coded in six interventions, with four [35, 38–40, 46] of these 
interventions containing both BCTs. Behavioural practice/
rehearsal was only coded where booster sessions were pro-
vided [35, 44] or where the participants attended exercise 
classes (as per the BCT taxonomy) [38–40, 46]. Generalisa-
tion of target behaviour was coded when participants were 
advised to perform physical activity that was performed in 
a supervised setting, and also at home [35, 38–40, 46, 47].

In the final coding, Graded tasks was coded in six inter-
vention groups [36, 41, 42, 44], from four trials. The BCT 
Graded tasks was only coded for interventions that provided 
adequate description to indicate that exercise progression 
was also being used as a method of behaviour change and 
not solely as an exercise prescription principle.

BCT cluster: 9.0 Comparison of outcomes  From the BCT 
cluster Comparison of outcomes, the BCT Credible source 
was the only BCT coded. The BCT was only coded where 
the methods provided sufficient detail that the credible 
source (i.e. a health or exercise professional, e.g. exercise 
physiologist) specifically communicated in favour of or 
against the behaviour. Thus, five interventions [29, 34, 35, 
38, 39] were coded for the BCT Credible source.

BCT cluster: 10.0 Reward and Threat  The BCT Social reward 
was the only BCT implemented from the cluster Reward and 
Threat. Two interventions [33, 42] reportedly implemented 
Social reward through positive reinforcement from trial staff 
for the performance of physical activity.

BCT cluster: 12.0 Antecedents  The BCT Adding objects to 
the environment was included in five interventions [36, 37, 
41–43]. This BCT was implemented by two methods: pro-
viding participants with a wearable activity tracker (pedom-
eter or Fitbit) [36, 37, 41, 42] or exercise equipment [43].

BCT cluster: 13.0 Identity  Møller et al. [37] implemented the 
BCT Framing/reframing in both trial interventions through 

counselling sessions by switching the focus of physical 
activity on improving cancer-related side effects.

BCT cluster: 15.0 Self‑belief  Of the four possible BCTs in 
the cluster Self-belief, Verbal persuasion about capability 
was the only BCT coded, and was implemented in three 
interventions [41, 42, 47]. In two interventions [41, 42], Ver-
bal persuasion about capability was implemented through 
counselling that included building confidence in becoming/
staying active. Witlox et al. [47] included verbal persuasion 
as a method to increase self-efficacy.

Maintenance of physical activity at follow‑up

Of the 21 articles included in this review, five (23.81%) arti-
cles [30, 33, 37, 38, 47] reported significant between-group 
differences favouring an intervention group ≥ 6 months fol-
lowing the end of a structured exercise intervention. The 
remaining 16 articles (76.19%) reported no significant 
between-group differences (Table 1).

Between‑ and within‑group differences

Of the 21 articles included in this review, four articles (19%) 
[30, 33, 38, 47] reported significant between-group differ-
ences in physical activity ≥ 6 months following the comple-
tion of an exercise intervention, favouring the intervention 
compared with a control group. In the article by Baumann 
et al. [30], between- (mean difference (MD) =  + 1294MET-
min/week, p = 0.005) and within-group (MD =  + 4.13 h/
week, p = 0.001) improvements in total physical activity lev-
els were observed 23 months post-intervention completion 
in the exercise group. The authors also reported significant 
between-group differences favouring the exercise interven-
tion at 11 months follow-up (MD =  + 1422 MET-min/week, 
p = 0.005), but not at 7 months (MD =  + 960MET-min/week, 
p = 0.02), or 17 months follow-up (MD =  + 595MET-min/
week, p > 0.05). In Witlox et al. [47], total physical activity 
levels were significantly higher in the intervention group 
3.6 years post-intervention completion (MD =  + 141.46 min/
week; ES = 0.22; p < 0.05) compared to the control group. 
The authors noted a significant increase in sport and lei-
sure-related physical activity levels (MD =  + 85.18 min/
week, p < 0.05), but not total physical activity levels 
(MD =  + 43.22  min/week, p > 0.05) in the intervention 
group from baseline to 3.6 years follow-up [47]. No sig-
nificant within-group changes in total or sport and leisure-
related physical activity levels were observed at follow-up in 
the control group (MD = -143.77 min/week and + 54.67 min 
per week, respectively; all p > 0.05) [47]. Courneya et al. 
[33] reported a larger number of participants in the interven-
tion group engaging in regular physical activity 6 months 
following the end of the intervention (MD =  + 23.6%; 
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p = 0.017) compared to the control group. Mutrie et al. 
reported on follow-up outcomes of the same trial in two 
articles at 6 months [39], and 18 months and 5 years [38] 
post-intervention. Whilst there were no significant between-
group differences at 6 (p = 0.23) [39] or 18 months follow-
up (p = 0.22) [38], at 5 years follow-up, a significant effect 
estimate (p = 0.008) was observed favouring the intervention 
group compared with the control group [38].

Møller et al. [37] compared two different interventions: 
a supervised multi-modal exercise intervention versus an 
unsupervised aerobic walking program. Whilst the percent-
age of participants performing 150 min of moderate-to-vig-
orous physical activity per week was not different between 
groups 6 months post-intervention (percentage not reported, 
p = 0.1270), a higher percentage of the multi-modal exer-
cise group performed two 20-min sessions of high inten-
sity physical activity per week (percentage not reported, 
p = 0.0408). Moller et al. [37] also noted a significant within-
group increase from screening, baseline to 6 months post-
intervention in the percentage of participants in both groups 
performing > 150 min per week of moderate-to-vigorous 
physical activity (percentages not reported, p < 0.0001 and 
p < 0.0039, respectively) and > 2 × 20 min/week sessions of 
high intensity physical activity (percentages not reported, 
p < 0.0001 and p < 0.0004, respectively).

Of the 21 articles included in this review, three arti-
cles [41, 42, 44] reported significant within-group dif-
ferences in an intervention group, with no significant 
between-group differences. Pinto et al. [42] reported a sig-
nificant improvement in physical activity levels 9 months 
post-intervention cessation in the intervention group 
(MD =  + 116 min/ week, p < 0.05), but not in the control 
group (MD =  + 58 min/ week, p value not reported). A sec-
ond article by Pinto et al. [41] reported a significant increase 
in physical activity at 9 months follow-up in the interven-
tion group (MD =  + 1.16 min/ week, p < 0.05) and a sig-
nificant decrease in the control group (MD = -11.19 min/
week, p < 0.05). Santa Mina et al. [44] reported a significant 
increase in physical activity from baseline to the 6 months 
follow-up (MD =  + 13.68 MET-h/week, p ≤ 0.06) in the AET 
group. However, there was no significant changes in physi-
cal activity levels in the RET group (MD =  + 2.98MET-h/
week, p > 0.05) [44]. None of the included articles reported 
significant increases in physical activity levels within the 
control groups.

BCTs and maintenance of physical activity at follow‑up

The five trials [30, 33, 37, 38, 47] that observed a between-
group difference in physical activity at follow-up favouring 
the intervention group included a mean of 7 BCTs (range 
2–10). Those studies that observed no between-group dif-
ferences [24, 25, 29, 31, 32, 34–36, 39–46] in physical 

activity included 8 BCTs (range 3–13). Of the five [30, 33, 
37, 38, 47] intervention groups that reported significant dif-
ferences in their favour, Social support (unspecified) was 
the only BCT present in all five groups. Though Social sup-
port (unspecified) was also present in all remaining exercise 
interventions that did not report significant between-group 
differences. The BCTs Goal setting (behaviour) and Action 
Planning were present in four [33, 37, 38, 47] of the five 
(80%) interventions reporting significant between-group dif-
ferences in their favour. Goal setting (behaviour) and Action 
Planning were also frequently used across all interventions, 
with 96% and 79%, respectively, of the 24 interventions 
including these BCTs. Instruction on how to perform the 
behaviour was the next most frequently used BCT within 
the interventions reporting significant between-group dif-
ferences, with three (60%) [37, 38, 47] of the five interven-
tions utilising this BCT. Two (40%) of the interventions that 
reported significant differences in their favour, implemented 
Goal setting (outcome) and Generalisation of target behav-
iour. The remaining 14 BCTs utilised across the interven-
tions that reported significant between-group differences in 
their favour were used in only one of the five interventions.

The three trials [41, 42, 44] that observed a within-group 
difference in physical activity at follow-up in an intervention 
group included a mean of 12 BCTs (range 10–13). There 
were eight BCTs present in all three interventions with 
significant within-group differences; these included Goal 
setting (behaviour), Problem Solving, Action Planning, 
Self-monitoring of behaviour, Social support (unspecified), 
Instruction on how to perform the behaviour, Prompts/cues, 
and Graded tasks. Further, three BCTs (Reduce prompts/
cues, Adding objects to the environment, and Verbal persua-
sion about capability) were present collectively in two (67%) 
[41, 42] of the interventions reporting significant within-
group differences. The remaining six BCTs that were imple-
mented across interventions with significant within-group 
differences were used in only one of the three interventions.

Discussion

This systematic review aimed to determine the long-term 
(≥ 6 months) maintenance of physical activity following 
an exercise intervention in individuals with a histologi-
cally confirmed diagnosis of cancer. A total of 21 articles 
were identified, consisting of 18 randomised controlled tri-
als. There was high heterogeneity in trial design, interven-
tion characteristics, length of follow-up, and BCTs used in 
the included trials. Based on the available evidence, long-
term physical activity following an exercise intervention 
appears to be poorly maintained in people living with and 
beyond cancer. There appears to be no clear implementation 
of a behaviour change theory to an intervention, BCT, or 
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combination of BCTs, that contributes to enhanced long-
term maintenance of physical activity.

Of the 21 articles, five (24%) [30, 33, 37, 38, 47] found 
significant between-group differences in physical activ-
ity ≥ 6 months follow-up favouring the intervention com-
pared to a control/comparison group. This finding suggests 
that long-term (≥ 6 months) physical activity is poorly 
maintained following an exercise intervention in people 
with cancer. This result is contrary to Grimmett et al. [14] 
who reported a small positive effect in interventions com-
pared with a control group on physical activity behaviour 
at ≥ 3 months follow-up. However, their review included 
multimodal interventions and only articles that reported 
physical activity in moderate-to-vigorous minutes per week 
were included in the review and subsequently, the meta-
analysis [14]. Further, our results are consistent previous 
systematic reviews that assessed change in physical activ-
ity in men with prostate cancer [16] and found in only two 
(17%) of the included articles, physical activity was main-
tained at 3–6 months follow-up, with one of those trials 
also demonstrating maintenance > 6 months; and in people 
living with and beyond breast cancer [15] where only 30% 
maintained physical activity ≥ 3 months post-intervention. A 
low proportion of trials include a follow-up ≥ 6 months post-
intervention, as indicated by the extensive number of trials 
assessing exercise interventions in people living with and 
beyond cancer compared with the 18 trials included in this 
review. Future research needs to focus on long-term physical 
activity maintenance and include an assessment of physi-
cal activity levels ≥ 6 months post-intervention completion 
to build the understanding of long-term physical activity 
maintenance in people with cancer.

Only two [33, 47] of the five articles that found between-
group differences identified a theoretical basis for the inter-
vention, the Theory of Planned Behaviour and Bandura’s 
Social Cognitive Theory. A further five [34, 36, 41–43] arti-
cles that found no difference between groups at follow-up 
used a theoretical basis, including the Theory of Planned 
Behaviour, Bandura’s Social Cognitive Theory, and the 
Transtheoretical Model, for the intervention. This is con-
sistent with previous systematic reviews that reported no 
trend on the use of behaviour change theories to promote 
physical activity in people with cancer [12, 51]. This sug-
gests that the use of a behaviour change theory alone is not 
enough to promote long-term maintenance of physical activ-
ity in people with cancer. Previous work has identified the 
complexity of behaviour change maintenance and the lack 
of theoretical elaboration on behavioural maintenance after 
the initial stages of change [18], which may explain the dis-
sociation between theories and practice. Further, a probable 
cause is that the evidence and specifically the application 
of behaviour change theories to practice is diverse and not 
clearly articulated. Trials are rarely explicit about the use 

of behaviour change theories or when a theory is included, 
there is inadequate explanation of how the intervention theo-
ries are applied in practice [12, 51, 52].

Behaviour change techniques were identified in all arti-
cles included in the review [24, 25, 29–47] with the aim to 
identify patterns in the active intervention components that 
promote long-term physical activity behaviour change in 
people with cancer. The total number of BCTs present were 
similar for interventions that observed significant between-
group differences in physical activity levels at follow-up 
and those that found no effect. Of note, Baumann et al. [30] 
only implemented two BCTs and noted significant between- 
and within-group differences in physical activity levels at 
follow-up favouring the intervention group. Therefore, the 
total number of BCTs alone does not appear to impact the 
maintenance of physical activity levels ≥ 6 months following 
completion of an exercise intervention. This is consistent 
with previous reviews reporting no effect of total number of 
BCTs used to increase or maintain physical activity levels 
[10, 53]. Rather than the number of BCTs, it is likely that the 
application and combinations of BCTs influence changes in 
physical activity behaviour. The clinical and interpersonal 
skills employed in delivering an intervention are likely to 
play a crucial role in maintain behaviour change [54]. Thus, 
whilst it’s important to recognise which BCTs are being uti-
lised in interventions, more in-depth analysis is necessary 
to comprehend how they are being implemented and what 
ultimately leads to successful behaviour change.

Of the five articles [30, 33, 37, 38, 47] reporting sig-
nificant between-group differences, there was overlap in the 
BCT clusters 1: Goals and planning, and 3: Social support, 
with all five articles containing at least one BCT from these 
clusters. The most prevalent BCTs within these clusters were 
Goal setting (behaviour), Social support (unspecified), and 
Action planning. Baumann et al. [30] was the only article 
with significant between-group differences not to include the 
BCT Goal setting (behaviour), though it did include the BCT 
Goal setting (outcome). Goal setting has consistently been 
recognised as an important technique for behaviour change 
[55, 56], including for physical activity [57]. Social support 
(unspecified) and Action planning have also been identi-
fied as important for short-term (≥ 3 months) maintenance 
of physical activity following an exercise or multimodal 
health intervention [14]. Future exercise interventions for 
people living with and beyond cancer should include goal 
setting, social support, and action planning to enhance the 
likelihood of participants maintaining their physical activ-
ity levels long-term following completion of the interven-
tion. However, the BCTs Goal setting (behaviour), Action 
planning, and Social support (unspecified) were also pre-
sent in many interventions that did not observe significant 
between-group differences in physical activity at follow-up. 
Whether these BCTs are necessary for change but need to be 
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used in combination with other BCTs is unclear. The BCTs 
Goal setting (behaviour or outcome) and Action planning 
were operationalised through setting a goal as part of the 
intervention, and through planning the performance of the 
behaviour, respectively. Social support was operationalised 
through support directed at physical activity from peers or 
staff, delivered by face-to-face or telephone calls. Including 
BCTs from the clusters Goals and planning and Social sup-
port as they have previously been operationalised appears 
necessary but not sufficient to promote physical activity 
long-term following an exercise intervention.

With the substantial overlap of BCTs used among inter-
ventions, it is difficult to determine the efficacy of individ-
ual BCTs to promote physical activity behaviour. Further, 
a regression analyses was not performed because of the 
heterogeneity of the included trials. Of the interventions 
that reported significant between-group differences in their 
favour, Instruction on how to perform the behaviour was 
used in three (60%) interventions, Goal setting (outcome) 
and Generalisation of target behaviour were used in two 
interventions (40%), and a further 14 individual BCTs were 
used only once (20%). By comparison, Instruction on how to 
perform the behaviour was used in 14 (74%) interventions, 
Goal setting (outcome) in four (21%) interventions and Gen-
eralisation of target behaviour in four (21%) interventions 
that reported no significant between-group differences. The 
use of multiple BCTs within the majority of interventions 
limits the ability to detect the isolated benefit of any indi-
vidual BCT. Future research directly comparing the efficacy 
of different BCTs would provide greater insight into which 
BCTs would be most beneficial to encourage long-term 
maintenance of physical activity following an exercise inter-
vention for people with cancer.

Supervision also appears to be a necessary, but insufficient 
in isolation, component of an exercise intervention to maintain 
long-term physical activity levels. Excluding one article that 
did not specify supervision status [30], all articles included 
in this review that observed significant between-group differ-
ences favouring the intervention in long-term physical activity 
provided supervised intervention elements. Two previous sys-
tematic reviews concluded that supervised exercise programs 
are superior to unsupervised programs for increasing physical 
activity in oncological populations [58, 59]. One could argue 
that it is not the supervision per se that may be important 
for physical activity maintenance, but rather that supervised 
interventions can include additional BCTs and be a method 
for facilitating BCTs compared to unsupervised interventions. 
For example, supervised interventions can include the BCTs 
Social support (unspecified), Instruction on how to perform 
a behaviour, and Demonstration of the behaviour. It is also 
probable that BCTs were implemented where supervision 
by an exercise professional was used but was not sufficiently 
detailed in the methods to code. For example, information 

about the consequences of physical activity (health or other) 
(BCT cluster 5.0), or positive reinforcement as a form of 
reward (BCT cluster 10.0) could have been provided to par-
ticipants during supervised sessions but not included in the 
methodology. Many of the BCTs implemented in supervised 
interventions were also implemented in unsupervised inter-
ventions through different methods. For example, all unsu-
pervised interventions [29, 36, 41–44] implemented Social 
support (unspecified) through telephone calls. Further, 
Salerno et al. [43] implemented Instruction on how to per-
form a behaviour and Demonstration of the behaviour through 
DVD-led exercise sessions. Despite similar BCTs between 
supervised and unsupervised interventions, the incorpora-
tion of supervision within exercise interventions may pro-
vide value through the inherent factor of supervision (e.g. the 
personal connection and individualised communication) or 
the operationalisation of BCTs within a supervised setting. 
Alternatively, implementing another model after supervision 
ends (e.g. peer support) may be useful to promote long-term 
motivation and relapse prevention.

A key limitation of the review by Grimmett et al. [14] was 
the exclusion of articles that targeted RET. In the present 
review, four articles [25, 32, 44, 45] included a RET-only 
intervention group, but none reported significant between- or 
within-group differences at follow-up ≥ 6 months post-interven-
tion. Santa Mina et al. [44] compared a home-based AET ver-
sus a home-based RET group, implementing the same BCTs in 
both groups. The AET group performed a significantly greater 
volume of physical activity at follow-up, whereas the RET did 
not significantly increase physical activity levels at follow-up; 
though there was no significant differences between-groups 
[44]. It was suggested that AET mode (e.g. walking) is more 
familiar and thus more easily reproducible in the absence of 
instruction or demonstration compared to RET. Whilst the 
BCTs on Instruction how to perform the behaviour and Dem-
onstration of the behaviour were implemented in all RET inter-
ventions, the dosage and/or frequency may not have been suffi-
cient to elicit long-term behaviour change. A limitation of RET 
interventions is the methods used to measure physical activity 
are biased towards AET, and may not appropriately capture 
levels of RET. Self-report measures often solely use examples 
of AET modalities [60, 61] and device-based measures do not 
provide accurate data on RET [62]. Therefore, whilst RET 
interventions do not appear to induce long-term maintenance 
of physical activity following completion of the intervention, 
better tools to monitor RET such as those proposed by Fair-
man et al. [63, 64] are recommended in future interventions to 
identify potential changes more accurately in physical activity 
behaviour in oncology populations.

This study highlights the importance of integrating 
evidence-based exercise prescription with behavioural sci-
ence for physical activity maintenance. To continue to grow 
evidence in this area, researchers should explore the use of 
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BCTs and their combinations to enhance physical activity 
interventions, and clearly report the BCTs used and how they 
have been implemented. Researchers and clinicians should 
collaborate to optimise the use of BCTs in a clinical envi-
ronment. For clinicians, evidence-based practice should not 
only be applied to prescribing exercise, but also to behaviour 
change strategies, such as BCTs. The BCTs Social support, 
Goal setting (behaviour), and Action planning were present 
in interventions that led to physical activity maintenance, 
and therefore it is recommended that clinicians incorporate 
these techniques in their clinical practice. Although integrat-
ing behavioural science into physical activity interventions is 
complex, it is crucial for researchers and clinicians to incorpo-
rate these methods to enhance effectiveness of interventions, 
which can lead to improved physical activity maintenance and 
associated benefits for individuals. Further, utilising existing 
resources (e.g. The Behaviour Change Wheel [65] and works 
by O’Cathain et al. [66]) can guide researchers, clinicians and 
also policy makers on intervention development.

Limitations and future directions

This systematic review has several limitations worthy of 
comment. Firstly, the majority of participants included in 
this review were female and diagnosed with breast cancer. 
Therefore, the findings of this review should be interpreted 
with caution, especially when applying to other oncological 
populations. The methods chosen to measure physical levels 
in the included articles are another notable limitation. Of the 
21 articles included in this review, 17 (81%) utilised self-report 
questionnaires to measure physical activity, which tend to over-
estimate physical activity levels compared to device-based 
methods [67]. Whilst more objective measures of physical 
activity may be considered an appropriate response to this con-
cern, device-based measures such as accelerometers present 
their own constraints. Most salient is their limited compre-
hensiveness in detecting all physical activity [62]; accelerom-
eters cannot provide accurate data on cycling, RET, balance, 
or aquatic-based activities, modes of exercise frequently pre-
scribed within exercise oncology interventions. Long-term 
(≥ 6 months) follow-up data post-intervention is lacking within 
the exercise oncology literature. Inadequate follow-up was the 
primary reason for trial exclusion in this review. Further, only 
28% (5/18) of the included trials reported physical activity 
as the primary outcome measure. Despite physical activity 
not being the primary outcome in these trials, an exercise 
intervention was used to facilitate changes in the primary out-
come. Future exercise interventions need to include long-term 
(≥ 6 months) follow-up timepoints, to enhance understanding 
of the components of interventions, including BCTs, that may 
promote long-term maintenance of physical activity.

Exercise interventions seldom describe BCTs with suffi-
cient detail to appropriately interpret the study findings [68]. 

Therefore, it is possible that BCTs were implemented in the 
included articles but not adequately coded. Where present, 
published protocol papers describing methods were included 
in this review. The assumption was made that if a BCT was 
present in a protocol paper, it was implemented in the trial 
with the published results. In addition to the presence of 
BCTs, the quality and delivery of the BCT can influence the 
effective implementation and contribution of a BCT [69]; 
however, detailed description of implementation techniques is 
rarely reported in intervention methodology. A similar limita-
tion exists in the use of behaviour change theories in interven-
tions. The application of behaviour change theories to practice 
is diverse and not clearly articulated. Trials are rarely explicit 
about the use of behaviour change theories, or when a theory 
is included, and inadequately explain how the intervention 
theories are applied and evaluated in practice [12, 51, 52].

Less than 30% (27/93) of the BCTs available in the BCT 
Taxonomy (version 1) were coded in the included articles. 
This percentage is similar to previous reviews that have 
coded 23–40% of the possible BCTs in exercise oncology 
trials [10, 14, 53]. Further, with the substantial overlap of 
BCTs used among the included interventions, there is lim-
ited diversity in the exercise oncology literature of BCT use. 
Although some BCTs are not suitable to be applied in an 
intervention aimed at changing physical activity behaviour 
(e.g. Pharmacological support or Behaviour cost), future 
interventions should explore many of the underutilised 
BCTs to determine their effectiveness at increasing long-
term physical activity in oncological populations.

Maintenance of behaviour change was defined accord-
ing to the transtheoretical model of behaviour change [50] 
as ≥ 6 months follow-up in order to provide a consistent cut-off 
time-point to examine maintenance in this review. However, 
there is no consensus regarding the utility of stages in the tran-
stheoretical model, the length of time it may take an individual 
to reach a particular stage, or how long they may remain in 
a stage [70]. More contemporary definitions of maintenance 
reject potentially arbitrary definitions and the distinct separa-
tion of maintenance as a stage, and instead suggest mainte-
nance is recognised as a process that involves intentionally 
changing behaviour and continuously performing it at a greater 
level of efficiency than before [18, 71]. Future research should 
consider contemporary descriptions of physical activity main-
tenance, and investigate BCTs that may be utilised throughout 
the process of maintenance of behaviour change.

Conclusion

The findings of this research indicate that the long-term main-
tenance of physical activity following an exercise intervention 
for people with cancer is limited and inconclusive. The pres-
ence of BCTs was similar across interventions with significant 
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differences in physical activity and interventions with no signifi-
cant differences. To strengthen understanding of the use of BCTs 
in the literature, articles should provide precise and detailed 
explanations of methods used to increase behaviour change, to 
permit accurate coding or explicitly report the behaviour change 
techniques used according to standardised coding frameworks 
[27]. Future interventions should focus on using different BCTs 
and combinations of BCTs in intervention design to enhance 
long-term physical activity behaviours in people with cancer.
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